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OCULAR HYPOTENSIVE A 3ENTS 



Background of the Invention 



The present invent;on relates to ocular hypotensive agents or agents used for treatment of qlaucoma 
which contains prostaglandins or 15-keto-prostaglandins, in which the carbon atom of the 20-position is 
substituted with a hydrocartxjn group. 

Prostaglandins (hereinafter referred to as PGs) are the name given to the group of fatty acids which 
show various physiological activities and contained in human and animal tissues and organs. PGs 
essentially contain the prostanoic acid skeleton of the following formula: 




and some synthetic products may contain the above skeleton with some modification. 

PGs are classified into several types according to their five-membered ring, for example. 



0 




prostaglandins of the A series (PGAs): 



0 




Prostaglandins of the B series (PGBs): 
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^2 Prostaglandins of the C series (PGCs): 

<pC Prostaglandins of the D series (PGDs): 
0 

Prostaglandins of the E series (PGEs): 



OH 
OH 



a 



oil 



Prostaglandins of the F series (P<3Fs) 



Prostaglandins of the J series (PGJs)= 
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and the like. Further, they are classified into PG, s containing S.e-singie bond: 

QH (ff-chain) 

IK 

JO (wchaln) 




OR 



PGzs containing 5.6-double tx>nd: 




PGjS 



and PG3S containing 5.6-and iT.lB-double bonds: 



50 



55 



(<r-chaln) 



PG3S 



PGs are known to have various 



OB 

pharmacological a^d physiological activities, for example, vasodilation. 
3 
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induction of inflammation, platelet aggregation, contraction of uterine muscle, enteron contraction and th^ 
like. However. PGs also possesses various other activities, therefore there are some problems to use them 
as medicines. That is. when PGs are administered to obtain a single pharmaceutical activity, they often 
exhibit other activities as side effects. Accordingly, the investigations of PGs as a medicine have aimed to 
enhance the emerQency of the main pharmaceutical activity. However, these investigations have been 



Among PGs. for example, PGAs. PGOs. PGEs. PGFs are known to possess ocular hypotensive 
potency. 

For example, there is desaibed in Japanese Patent Application KOKAI No. 1418/1984 claiming a 
priority based or U.S. Ser. No. 374165(1982) by Laszio Z. Bite that PGF? has a high ocular hypotensive 
activity, and 15-keto-PGF2 has also it though a very little; and further in Japanese Patent Application KOKAI 
No. 66122/1988 claiming priorities based on three U.S. Ser. Nos. 839056 (1986). 892387(1986) and 022046 
(1987) that PGA, PGB and PGC can be used for a treatment of glaucoma. 

However, when topical application of these PGs. topically to rabbit eyes, they are accompanied with 
transient ocular hypertensive response, and still pronounced conjunctival and iridal hyperemia, and further 
side effects such as lacrimation, eye mucus, lid closure and the' like are observed. Accordingly, there are 
some problems when PGs are used as remedies for glaucoma or ocular hypotensive agents.. 



it has been found that PGs in which the number of the carbon atom in the w-chain is increased, for 
instance. PGs in which the carbon atom of the 20-position is substituted with a hydrocarbon group (refen-ed 
to as 20-substituted PGs hereinafter) or 15-keto-PGs in which the carbon atom of the 20-position is 
substituted with a hydrocarbon group (referred to as 20-substituted- i5-keto-PGs hereinafter) cause in- 
traocular pressure reduction without any transient ocular hypertensive response that PGs usually show. 
Further, they possess enhanced ocular hypotensive potency, and exh. i ocular hypotensive effect without 
transient ocular hypertensive response, and with absolutely no or extremely reduced side effects such as 
hyperemia of conjunctiva or of iris, dacryops, iema. closed eye and the ;ike. 



The present invention provides an ocular hypotensive ccmposit'on or a composition for treatment of 
glaucoma, which contains PGs or 15-keto-PGs, in which the carbon atom of the 20-position is substituted 
with a hydrocarbon group (i.e. 20-substituted-PGs or 1 5-keto-20-substituted-PGs) as active ingredients. 

In this description. 20-substituted- PGs and 20- substituted- 15-keto-PGs are expressed as follows. That 
is in the both, the carbons constituting the a-chain, w-chain and 5-nembered ring are numbered according 
to the basic skeleton as follows: 



That is. in the basic skeleton, the constituent carbon atoms are numbered in such a way that the carbon 
atom in carboxylic acid is C-i. and the a-chain contains C-2 - C-7. the number increasing toward the ring, 
the five-membered ring contains C-8 - C-12, and the w-chain contains C-l3 - C-20. When the cartons of 
the a-chain are fewer, the numbers of the carbons ensuing C-2 should be properly shifted, and when more 
ttian 7. the compound is named provided that the carbon at the 2 position has a substituent instead of the 
carboxyl group (at the 1 position) and when more than a. the carbon atoms at the 2i position a'^d thereafter 
should be regarded as a substituent. As configuration, it is considered accorcing to that of the above 
essential skeleton unless otherwise described. 

For example, PGD, PGE and PGF mean comoouncs having a hydroxyl group at the 9 and/or 11 



insufficient. 



Summary of the Invention 



Detailed Description of the invention 
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A toner for developing electrostatic latent images comprising at least 



10 a resin, 

i^TrnXorJeHvati^ represented by rhe general formula [Xl] below; 
20-substituted or 2a-substituteci-l5-keto-PGATS. 
20-sut>stitutBd or 20-substituted- iS-keto-PGAjs. 
20-substituted or 20-substituted- i5-keto-PG A3 s. 
20-substituted or 20-substituted-l5-keto-PGBiS, 
20-substituted or 20-substituted-l5-keto-PGB2S. 
20-substituted or 20-subsUtuted-15-keto-PG83S. 
20-substituted or 20-substituled-15-keto-PGC.s, 
20-substituted or 20-substituted- iS-keto-PGCzS. 
20-substituted or 20-substituted- iS-keto-PGCiS. 
20-substituted or 20-substituled-15-keto-PGDis, 
20-subslituted or 20-substituted-15-keto-PGD2S. 
20-substituted or 20-substituted-l5-keto-eGD3S. 
20-substituted or 20-substituted-15-keto-PGEt 
20-substituted or 20-substituted-15-keto-PGE2S. 
20-substituted or 20-substituted-l5-keto-PGE3S. 
20-substituted or 20-substituted-t5-keto-PGF,s. 
20-substituted or 20-5ubstituted-15-keto-PGF2S. 
20-substituted or 20-siibstituted-i5-keto-PGF3S, 
20-substttuted or 20-substituted- 1 5-keto-PGJ - s 



T^Xo^r^ on h„o,»« ."ec,..^ ^J^^bS. S«™ ^s' L^^ 

In the present invention, the ocular hypotensive effect of 20-subsdlutea kus 
PGs may be especially remarkable in prostaglandins of the general formula: 



45 
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5 



to 



16 




[wherein. A is 

0 0 0 R 0 R 

0 R R " 

30 (in which R is hydroxyl, hydroxyalkyi or alkyl); 

Y is a saturated or unsaturated Cj-s hydrocarbon (a part of the carbon atoms constituting the hydrocarbon 
chain may form a carbonyl group, and the hydrocartjon chain may be substltutec with one or more atoms 
or groups); 

Z is a Cs-'o saturated or unsaturated aliphatic, alicyclic. aralkyt or aromatic hydrocarbon (the hydrocarbon 
35 may be substituted with one or more atoms or groups)] or physiologically acceptable salts derived from the 
general formula [I] or those having an esteriflod carboxyt group. 

A saturated or unsaturated Cj-s hydrocartxjn chain Y includes a straight hydrocarbon chain such as an 
alkyl. alkenyl, alkynyl and the like. Especially, a hydrocartx)n chain with 6 carbons is preferred. 

The examples of an unsaturated hydrocarbon chain Y include, for example. PGs wherein carbons at the 
40 2-3 posibons or the 5-6 positions are unsaturated ly bonded. 

Some of the carbons forming the hydrocarbon chain Y may form a carbonyi group. The typical example 
includes 6-keto-PGiS wherein the carbon at the 6-position constituting a cartx»nyl group. 

The hydrocartx>n chain Y may be substituted with one or more atoms or groups. Such atoms or groups 
include, for example, a halogen atom such as a fluorine, chlorine or bromine atom; an alkyl group such as 
45 methyl, ethyl; a hydroxyl group. The typical example is PGs having one or more alkyl groups at the 3 
position. 

The hydrocarbon group Z is a Cs - C10 alkyl group, preferably Cs - C9 alkyl group, which may have 
one or more branch(es). Preferable examples of the hydrocarbon group Z is methyl, ethyl, n-propyl. 
isopropyl, n-butyl. t-butyl and the like, and most preferable one is an alkyl group having no branch. 

50 The hydrocarbon Z may be substituted with one or more atoms or groups. Such atoms or groups 
include a halogen atom such as a fluorine, chlorine or bromine atom; an alkyl group such as a methyl, ethyl, 
isopropyl or isopropenyl group; an alkoxy group such as a nethoxy or ethoxy group; a hydroxyl group; a 
phenyl group; a phenoxy group and the like. The position of the substttuent atom(s) or group(s) may not be 
limited, but typically, they may be at 16. 17. 19 and/or 20 position in the ^trchain. Particularly, compounds 

55 having one or two same or different atoms at the 16 position, for exam Die. a halogen atom such as a 
fluorine atom or a substituent, for example, an alkyl group such as a methyl, ethyl, hydroxyl phenyl which 
may contain one or more substituents, benzyl, ohenoxy. or c cioalkyi group such as a cyclopentyl or 
cyciohexyl group which contains the 16 position as a constituent; an alkyl group such as methyl at the M or 
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.3 posl«on: an a.^y. group sucH as a .e.vl,eth,. isop.oooy., .opropsnv. or a.cxy group sue. a. a 
memoxy. etho.y or propo.y g^oup at the 20 pos..cn pr erred ^ ^^^^^ ^ ^^^^ 

PGs may include the compounds PGD. PGE. Pt.h wri<c hydroxyalkyi or alkyi 

position, in the present specification. PGs further .J^^Sing V the 20-substltu^ 

group instead of the hydroxyl group at the 9 and/or " ^"^^^^^.^ g^^e,,, formula HI. wherein R 
substituleJ-lS-keto-PCs of the present .nvention .nclude '"^J^^ZoZetelat?, include a hydroxymethyl or 
is a hydroxyl. hydroxyalkyi or alkyI group. S'^^^;^*"';,^^^!^^^^^^ group, a lower alky! group, 

t-hydroxyethyl. 2-hydroxyethyl or l-mathyM-hydroxyethyl group. As the a yi g P 
especially a methyl or ethyl group are preferred. ^.^^^^ ^,^,30, 

T^e configuradon of R for the cart«n a, the ^f^'^^^^^^'^^ZZ TJo.y> group. Such salts include 
PGs of the present Invention may tie salts or those J' ■ potassium: those of 

physiotogically acceptabte salts, for example. a,r,monium or 

an alKalir« earth metal such as calcium. '"'S"^*""^ ^1^^°' pSne. t^zylamine, piperidine. 
amine salt such as ammonia, methylam.ne. ^^^'V'*^"^ .^^^^"Shamine. lysine, tetralkylam- 
monoethandamine. diethanolamine. -°"°7«'^V<monoem^^^^^ .^^p^^p^, , 

monlum salt and the like. Such an ^^'^.'''T ^^^^^ ma^M an unsaturated bond: for 
butyl. 2-ethylhexyl. straight or branched<ha.n ^^^[^'^'^['^^^'^ZB^r^^ cyclohexyl group; an ester 
example, ester having an alicycHc group such as a W„ '^^^'^^^^ a^Jmatic gorup may contain 
containing an aromatic group such as a benzy l or P^'f^^'f ^^^^ '"'^^^I" 

one or more substitutents): a hydroxyalkyi or altoxyalkyi ester such as ^^TZ J^ ' ,3,3, ^.g.. a 

polyhydroxyisopropyl. methoxyjthyl. ethoxyethyl or methoxy.sopropyl group, an alKyis y 

trimethylsllyl or triethylsilyl ester; a tetrahydropyranyl este'^ , ^^^^ as a methyl, ethyl. 

invention may be any of the above described groups. ^^^^9 ^ ' 

intensive effect. 

especially isopropyl ester are '^'^'^''J^'^^^Z't^TZ^^^^^^^ '"ay include the isomers of " 

„emiaceta.s may show similar effect as tt,at ^'^Z"2otZ^Te^P^T^^^^^^^^^^ 

,n the present invenfon, especally preferred ^O'Subs tute<^PGs or ^^^^^^^ ^^^^^^^^ 

substituted with a halogen atom or an alkyI group ^^y, g^oup at 

rpS: .::trhSn rg:^::^.r:h:r^^^^^ - with side 

effects such as hyperemia. Accordingly, such '^'^^^Z^T^lc acid skeleton. 11 named according 

■ ,n the present invention, PGs are named » ^ JJ^'^j;.^ 

to lUPAC, for example. PG^' /^K^^ 

oxo-cyclopentylhheptanoic acd; PGE. (ZV'J-^^'^/j^fj'^^ 3n.hydroxy-2-[(3V(3S)-3-hydroxy-lKlecenyl> 
cyclopentylH^ept-S^noic acid: 20-ethy..PG^^^^^^^^^ 

5.oxo<yclopentyl}-heptano.c ac.d. and 'S-''*^ ^O-et^V'^^^^^^^^ ^ 7.«iR.2R.3B.5S)-3.Wihydroxy-2-[(E). 
lHlecenyll.5-oxoK:yclopentyl}-heptano.c ac.d. PGF,a cc^responds^to ^^^^^ 

acid Other PGs may also be named in the same way. 

In the process for preparing 20-substituted-PGs: subjected to Collins 

i A commercially available (-)-Corey lactone, wh.ch "^-^^j^^"^ ^.^.'J^^^^ anion 
oxidation to give an aldehyde. The aldehyde .s allowed f'^J^Xmr^^l^er to St^n 20methyl- 
vvhich has a desirable length of alkyI group to give an a.3-unsaturatea ketone un orae 
PGs dimethyl(2-oxooctyn phosphonate anion is used). 
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The obtained Q,/9-unsaturated ketone was reduced using sodium borohydride to give a,/9-unsaturated 
hydroxyl compound, the hydroxyl group of which is prote cted with THP (see Synthetic Chart I). The 
precursor of 20-substituted-PGs introduced with urchain obtained from the above process can be converted 
to 20-substituted-PGs according to a general process for production of PGs. 
5 t5-Keto-20-substituted-PGs can be prepared by reacting the carbonyl group of the a./3-unsaturated 
ketone obtained in the process as described in the production of 20-substitued-PGs with diols to protect it 
as ketal. and the p-phenylbenzoyi group is removed from the resultant to give an alcohol. The hydroxyl 
group of the alcohol is protected with dihydropyran to give a tetrahydropyranyl ether. In the above process 
a precursor of the 1 5-keto-20-substituted-PGs can be obtained (see Synthetic Chart II). 

PGs containing a methyl group instead of a hydroxy group at the 11 position may be obtained as 
follows: 

PGA obtainBd by Jones oxidation of the hydroxy group at the 9 position of the ll-tosylate is allowed to 
react with a dimethyl copper complex to give 1 t-dehydroxy-1l-methyi-PGE. Altemativefy. an alcohol 
obtained after elimination of p-phenylbenzoyi group is converted to a tosylate. An unsaturated lactone 
obtained by DBU treatment of the tosylate is converted to a lactol. After introduction of an a-chain using 
Wittig reaction, the resulting alcohol (9 position) is oxidieed to give PGA. PGA is allowed to react with 
dimethyl copper complex to give 11-dehydroxy-1 1-methyl-PGE. The resultant is reduced using sodium 
borohydride and the like to give 1 l-dehydroxy-11-methyl-PGF. 

PGs containing a hydroxymethyl group instead of a hydroxyl group at the 1 1 position is obtained as 
follow: 1 l-dehydroxy-l t-hydroxymethyt-PGE is obtained by a benzophenone-sensitized photoaddition of 
methanol to PGAs. The resultant is. for example, reduced using sodium borohydride to give 1 t-dehydroxy- 
1 1-hydroxymethyl-PGFs. 

1 6-Fluoro-PGs may be obtained using a jimethy' .3-f!uoro-2-oxoaikyl)phosphonate anion in the prepara- 
tion of an a.j3-unsaturated ketone. Similarly, i9-methyl-PGs may be obtained using a dimethyl (6-methyl-2- 
oxoalkyl)phosphonate anion. 

The preparation in the present invention are not construed to be limited to them, and suitable means for 
protection, oxidation, reduction and the like may be employed. 

20-substituted-PGs or 20-substituted-15-keto-PGs of the present invention can be used as remedies for 
animal and human, and, in general, used for systemic or local application by oral administration, intravenous 
injection, subcutaneous injection, suppository, collyrium. oculentum and the like. The dosage varies 
depending on aninnals. human, age. weight, conditions, therapeutic effect, administration route, treatment 
time and the like. 

The solid composition for oral administration of the present invention includes tablets, preparations, 
granules and the like. In such a solid composition, one or more active ingredients may be mixed with at 
least one inactive diluent, for example, lactose, mannitoL glucose, hydroxypropyl cellulose, microcrystalline 
cellulose, starch, polyvinyl pyrrolidone, magnesium aluminate metasilicate and the like. According to the 
usual work-up, the composition may contain additives other than an inactive diluent, for example, a lubricant 
such as magnesium stearate: disintegrant such as fibrous calcium gluconate; a stabilizer such as etherified 
cyclodextrin, for example. a./3- or -rcyclodextrin. dimethyl-a-. dimethyl-fi-. trimethyl-fl- or hydroxypropyl-^- 
cyclodextrin. branched cyclodextrin such as glucosyl-. maltosyl-cydodextrin, formytated cyclodextrin, 
cyclodextrin containing sulfur, mitthoprotol. phospholipid and the like. When the above cyctodextrins are 
used, an inclusion compound with cyclodextrins may be sometimes fornned to enhance stability. Alter- 
natively, a phospholipid may be sometimes used to form a liposome, resulting in enhanced stability. 

Tablets or pills may bo coated with film soluble materials in the stomach or intestine such as sugar, 
gelatin, hydroxypropyl cellulose, hydroxypropylmethy! cellulose phthaiate and the like, or with more than 
two layers. Further, they may be formed as capsules with absorbable substances such as gelatin. 

A liquid composition for oral administration may contain a pharmaceuticaily acceptable emulsion, 
solution, suspension, syrup, elixir as well as a generally used inactive diluent, for example, purified water, 
ethanol and the like. Such a composition may contain, in addition to the inactive diluent, adiuvants such as 
wetting agents and suspensions, sweetening agents, flavoring agents, presen/atives and the like. 

Other compositions for oral administration include a spray formulated by known method, which may 
contain one or more active ingredients. 

Injection for parenteral administration according to the present invention includes a sterii. agueous or 
nonaqueous solution, suspension, emulsion and the like. 

A diluent for such an aqueous solution and suspension includes, for example, injectable distilled water, 
physiological saline and Ringer's solution. 

A diluent for non-aqueous solution and suspension includes, for example, propylene glycol, polyethyl- 
ene glycol, vegetable oil such as olive oil. alcohols such as athanol, polysorbate and the like. Such a 
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solution, suspension and the .ike. me aiiuoru ru o annAous solution or suspension 

„™,a. di,.W or a p»,s.0B9i=a. sa*.. " ~ ike- 

ma, IncloO. an .abl. o«. Iqoid omfc ™n.ral w;alKortum cMo™^ 

chWdo. 0-oca.n. d-Wa, atoam pnamo-. sod.™ suO. as »dw 

r rpi"r «^roi*.%r.To: = oJa, ac... 

or additives used. ^/a«iine selen 50 olastibase. macrogols 

-ro:r.:s:i:.^ri"ra-^^^^^^ 

its ocular hypotensive potency. Whan used as .he ^ ^^^.^^J^ ° piil^carpine. car- 

may be compounded with the conventional cholinergic ocular ^yf^'^"*'^^ ^^^entie g . k 
Sd. Which' possesses excellent m,o«c -'i^ty, antich^^^^^^^^^^^ 

hothiophate). physos«gmlne salicylate, p.tocarpu^e ^y^°c^"^ benzaTonlum chloride propylparabene, 

rh^refethr™^^^^^^^^^^^ 

Sol SoSrcSlorph^ .or prevention and treatment of other ,nnammat,on. 
The present invention will be illustrated in the following examples. 

EXAMPLE 1 (Preparation of 20-substituted-PGs; see Synthetic Chart I) 

, . „ Preparation ol ,lS.5B.6R,7R)-6-(3-oxo-(EH-deceny.)-7-(4.phenylben.oyloxy).2-oxabicyclol3.3.0]- 
octane-3-one (3): 

,o,orrrirr,d^r^'=,rrJ^^^^^^^^ 

oxononyDphosphonate (4.97 g) to give the title compound (3). Y.eld. 5.71 g 

, . 2) Preparauon of (,S.5R.6R,7B).6.(3)(S)-hydroxy.(E).l^eceny.l.7-(4.pheny.benzoyloxy)-2.oxabicyc.O. 

[3.3.0}octane-3-one (4a): 

The unsaturated .etone (3) (3.03 .J. - f ^^^0 ?2 ral^^Ta ^ ir^^^^^^^^^ 
ml), into the obtained solution cerium (III) chlonde ^^'^^^J^^'^lfTZ added and stirred for 5 
same temperature for 10 minutes, into which f '"^ ^^^;^3^'^;'J,2'^^^^ to 
minutes. A crude compound obtained by a usual '^^'^-"PJ^ .^""'t^"'^^^^ compound (4to) of 

give the title compound (4a) as a compound having a lower Po'^^.^ Z^^tSro^y impound) 
the ttle compound (4a) as a compound having a higher polanty. r.eld. 4.58 g {4a.35-nyaroxy 

1 - 3) Preparation of {,S,5R,6R.7R)-7-(4.pheny.benzoy.oxy)-6.[3(S).(2-.etrahydropyranyioxyHE)-1-decenyll- 
2-oxabicycto[3.3.0)octane-3-one (5): 

The 3S hydroxy compound (4a) (4.50 g, was dissolved into ..ethylene chlonde (100 ml,, and reacted 
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with dihydropyran in the presence of a catalytic amount of p- oluenesulfonic acid-IHsO. After a usual work- 
up, the reaction mixture was column-chromatographed to give the title compound (5). Yield: 5.03 g 

5 1-4) Preparation of (lS.5R.6R,7R)-7-hydroxy-€-[3(S)-(2-tetrahydropyrany)oxyHE)-t-'^ecenyi;-2-oxabicycto- 
[3.3.0]octane-3<»ne (6): 

The tetrahydropyranyl ether (5) (5.03 g) was dissolved into a dry methanol (300 ml), into which 
potassium carbonate (1.49 g) was added, and stirred at room temperature for 6 hours. A crude compound 
to obtained by a usual work-up was column-chromatographed to give the title compound (6). Yield: 3.25 g 

1 - j) Preparation of (lS,2RS.5R.6R.7R)-3-.7-dihydrGxy-6-(3(S)-(2-tetrahydropyranyloxyHE)-l-decenyl]-2- 
oxabicycto(3.3.0]octane (7): 

15 

Alcohol (6) (2.00 g) was reduced in dry tol'iene (40 ml) using DIBAL-H at -70 'C. The lactjl (7) was 
obtained by a usual work up. 

20 1-6) Preparation of 20-ethyl-15S-(2-tetrahydropyranyloxy)-PGF2a(8): 

In dimethyl sulfoxide the lactol (7) was reacted with an ylide prepared from (4carboxybutyl)- 
triphenylphosphonium bromide (8.33 g). The title compound(s) was obtained by a usual work-up. 

25 

1 - 7) Preparation of 20-ethyl-l5S-(2)- tetrahydropyranyloxy)-PGF2Q isopropyl ester (9): 

Carboxylic acid (8) was dissolved in acetonitrile (50 ml), into which D8U (M g) anc isopropyl iodide 
(2.5 g) were added. The mixture was stirred at 45 * C for 5 hours. A crude compound obtained by a usual 
30 work-up was coiumn-chromatographed to give the title compound (9). Yield: 1 .00 g 

1 - 8) Preparation of 1 1R-<t-butyldimethylsiloxy)-20-ethyl-l5S-(2-tetrahydropyranyloxy)-PGF2Qr isopropyl 
ester (10): 

36 

The isopropyl ester (9) (0.37 g) was dissolved into dry DMF (3 m'), and reacted with imidazole (0.059 g) 
and t-butyldimethylsilyl chloride (0.132 g). A crude compound obtained by a usual work-up was purified by 
a column chromatography to give the title compound (10). Yield: 0.26 g 

40 

1 - 9) Preparation of llR-(t-buty!dimethylsiloxy)-20-ethyl-l5S-(2-tetrahydropyranyloxy)-PQe2 isopropyl ester 
(11): 

The 11-sityt ether (10) (0.303 g) in acetone (20 ml) was oxidized using Jones reagent at -40 *C to give 
45 the title compound (11). Yield: 0.27 g 

1 - 10) Preparation of 20-ethyl-PGE2 isopropyl ester (12) and 20*ethyl-PGA2 isopropyl ester (13): 

50 nR-(t-butyldimethylsiiox^/)-20-ethyl-15S-(2-tetrahydropyranyloxy)-PGE2 isopropyl ester (11) (0.27 g) 
was stirred in a mixed solvent of acetic acid/water (7/1 ) (20 ml) at 65 ' C for 1 5 hours. A crude product 
obtained by a concentration under reduced pressure was column-chromatographed to give the titte 
compound (12) as a colorless oily compound (higher polarity) and the title compound (13) as a coiortess 
oily compound (lower polarity). Yield of 20-ethyi-PGE2 isopropyl ester (12) and 20-ethyl-PGA2 isopropyl 

55 ester (13) are 0.040 g and 0.080 g respectively. 

1-11) Preparation of 20-ethyl-PGF2a isopropyl ester (14): 
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4 95(1H.hept.J = 7H2). 5.20 - 5,60(4H.m) ^ 

4.96(1 H,hept.J = 7Hz). 5.33(2H m). 5.58(2H.m) 

m/T 4?2(M*» 4 04(M -H2O). 386(M -2H2O), 345 M -H2)-.CjH70) 

The 'H NMR spectra were recorded on HITACHI R-90H (avaiiaoie rrom rs.rx. nuau 

heavy chloroform as a solvent. /awailahle from K K. Hitachi Seisaku- 

Mass spectrography was measu.ed by Mass spectrometer M-80B (available from 

sho) with a direct inlet system at 70eV of ionizing potential. 
EXAMPLE 2 (Preparation of 1 5-keto-20-substituted-PGs) 

1. Preparation of IS-keto-ao^thyl-PCF^a-isopropyl ester (io') {see Synthetic Chart II): 

1 -1) Preparation of (l5.5R.6R7R).6.(3.oxo-(E).i-deceny.).7.(4-phenytbenzoy.oxy,.2-oxabicyci^ 
cctane-3-one (3 ): 

Commercally available ,-)-Corey lactone (1, (7 g) .as -^'^^ '° ^,^^1™^^^^ 
to give aldehyde (2'). The aldehyde (2 ) was reacted with dimethyl {2.oxononyl)phosphonate (4 a g, 

to give the title compound (3 ). 

, . 2) Preparation o. (,S.5R.6R7R)-6-[3,3-e,hy.eneoxv-(E)-l.deceny,]-7.<4-phenylbenzoyloxy).2-oxabicyc.o- 
[3.3.0]octane-3-one (4 ): 

2/1 - 1/1) to give the title compound (4. ). Yield: 1.98 g 

1 . 3) Preparation of (,S.5R,6R.7R)-6.(3.3-ethyleneoxy.(eH-<^ecenylh7.hydroxy-2.oxabicyclot3.3.0]octane- 
3-one (5): 

The Ketal (V, (1.98 g) was treated w,m potassium cart«nate (0.6 g) in methanol (SO ml) to give the title 
alcohol (5). Yield: 1.12 g 

, . 4, Preparation of (lS.5R.6R.7R)-B-(3.3.ethyleneoxy-(EM-decenyl]-7.(2.tetrahydropyranyloxy)-2- 

oxatiicycio[3.3.01octane (6 ): 

TT,e alcohol (5) Obtained .n the at^ove process (1 -3) (0.88 g) ^''y.;:l,^^,^'^ZTZ^ 
presence of a catalytic amount of pyridium p-,oluenesuHonate in methylene chlonde (50 ml) to give the 
compound tetrahydropyranyl ether (6 ). Yield: i .07g 
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1 - 5) Preparation of (tS.2RS,5R.6R.7R)-6-(3.3-ethyleneoxy-{E)-i-decenyl]-2-hydroxy-7-^^ 
tetrahyclropyranyloxy)-2-oxabicyclo(3.3.0]octane (7'): 

The tetrahydropyranyl ether (6') (1.07) was reduced using OIBAL-H m toluene (20 ml) at -70* C. The 
5 resultant was worked up according to a usual manner to give the title compound lactol (7 ). 



1 - 6) Preparation of l5.15-ethylendioxy-20-ethyl-nR-{2-tetrahydropyranyloxy)-PGF2a (8 ): 

w The lactol (7 ) was reacted with an ylide prepared from (4-carboxybutyt)triphenylphosphonium bromide 
(4.5 g) and sodium t)y6ridQ m dimethyl sulfoxide at room temperature. According a usual w'^rk-up the title 
compound carboxylic acid (8 ) was obtained. 



IS 1-7) Preparation of I5J&^thyienedioxy-20-ethyl-l 1 R-(2-tetrahydropyranyloxy)-PGF2a isopropyl ester (9 ): 

The title compound isopropyl ester (9 ) was prepared by esterifying the cartxjxyl acid (8 ) using 
isopropyl iodide and DBU in acetonitrile (20 ml). Yield: i .0 g 

1 - 8) Preparation of 15-keto-20-ethyl-PGF2a isopropyl ester (lO ); 

15-i5-ethylenedioxy-20-ethy(-11R-{2-tetrapyranyloxy)-PGF2a isopropyl ester (9) (0.195 g) was added 
into a mixed solvent of aceUc acid/THF'water (3/1/1) (15 ml), and held at 40 • 50 *C for 3 hours. A crude 
35 compound obtained by the concentration of the reaction mixture under reduced pressure was chromatog- 
raphed to give the title compound (10') as a colorless oily product. Yield: 0.142 g 

The 'H NMR and Mass spectra of the title compound (10 ) is as foi'ow: 
'H NMR (CDCl2)a : 0.87(3H.t.J =6H2). 1 .10(6H.d.J = 7H2). 1.05 • 2.65(^JH,m). 4.05(1 H,m). 4.19(1 H.m). 4.96- 
[1H.hept,J=6H2), 5.34(2H,m), 6.12(tH.d.J = I6H2), 6.65(1 H.ddJ = 16Hz,J = 9H2) 
30 Mass(EI) m/z 422(m'). 404{M*-H20). 386(M*-2H20), 360. 345 



(2) Preparation of 15-keto-20-ethyl-PGE2 isopropyl ester (12'): 

35 

2- 1) 15,l5-ethylenedioxy-20-ethyl-1iR-(2-tetrahydropyranyloxy)-PGe2 isopropyl ester (1 T): 

The compound (9 ) obtained by the above process (1 - 7) (0.3t1 g) was oxidized with Jones reagent at 
•40 ' C in acetone (15 ml) to give the title compound (11). Yield: 0.245 g 

40 

2 - 2) Preparation of 15-keto-20-ethyi-PGE2 isopropyl ester (12 ): 

The compound (11 ') (0.240 g) was added to a mixed solvent of acetic acid/THF water (3/M) (15 ml). 
45 and held at 35 - 45 C for 2 hours. A crude compound obtained oy the concentration of the resultant under 
reduced pressure was chromatographed to give the title compound (12 } as a colorless oily product. Yield: 
0.148 g 

The ' H NMR and Mass spectra of the obtained l5-keto-20-ethyt-PGE2 isopropyl ester (12 ) are as 
follows: 

50 NMR(C0Cl2) $ : 0.87(3H.t,J = 6Hz). 1 .20(6H,d.J = 682), 1.03 - 2.95(25H,m). 4.01 • 4.38(1 H,m), 4.94- 
(lH.hept.J=6H2). 5.32(2H.m), 6.21(1 H.d.J = 16Hz). 6.7l{lH.dd.J = i6Hz.J = 8Hz) 
Mass(EI) m/z 420(M*}. 402(M*-H20). 343(M*-H20-i-C3H7) 



55 (3) Preparation if l5-keto-20-ethy!-PGA2 isopropyl ester (23') (see Synthetic Chart 111): 



3-1) Preparation of (lS.5R,6R.7R>-6-[3(S)-hydroxy-(E)-''.-decenylj-7-{4-phenylt>en2oyloxy)-2-oxabicycio- 
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[3.3.01octane-3-one {13 ): 

ketone o') {3.03 9). to which cenum chlor de (2 38 "-^^^J^^ ,g5,„an, ^as treated 

5 minutes, and sodium borohydride (0.249 9) was «f ^J^^^^^^^J^^'^thmLographed to give 3S-hydroxyl- 

witti a usual work-up. and then the obtained crude compound cmomaog 

compound (..18 g) and mixture of 3S- ^"^^^R-Mroxyl c^^^^^^^^ ^^.^.^^^ ^.^ 

The mixture of 3S-hydroxyl a reduction process again. This 

reagent to recover an a.tf-unsaturated ketone (3 ), '^''"^J^f J^'^.^^T 
,0 process was repeated to give 3S-hydf0xyl compound (13 ) 4.58 g (total). 

3 . 2) Preparation of (,S.5R.6R7R)-/-(4^eny.benzoy.oxy)-6.(3(SH2-tetrahydropyrany.oxyHe)-l-deceny,]- 

2-oxabicyclol3.3.0I octane-3-one (14 ): 

presence of a catalytic amount of p-toluene sulfonic acid-i HzO to give tne 1 1 
ether (14). Yield: 5.03 g 

"3.3) Preparation of (,S.5R.6fl,7R)-7-hydroxy.6-[3(S)-(2.tetrahydropyrany.oxy).(E)-.-decenyll-2-oxabicyclo. 
[3.3.0] octane-3-on6 (15): 

T^e tetrahydropyrany. ether (14) (5.03 g, was stirred with po^ssium c-^o-e (MS g) m dry methanol 
« (300 ml) at room temperature for 6 hours to g.ve the title compound (15 ). Yield. 3.25 g 

3 . 4) Preparation 'of . {lS.5B.6R.7R)-2.7-dihydroxy-6-t3(S)-(2-,etrahydropyranyloxyHE)-1-decenyih2- 
oxabicydo[3.3.01 octane (16 ): 
" The aicohol (15) was reduced using DIBAL-H at -78 ' C in toluene (60 ml) to give the title compound 
lactol (16'). 

35 3 - 5) Preparation of iSS-(2-tetrahydropyranyloxy)-20-ethyl-PGFja (17 ): 

usual work-up the title compound (17 ) was obtained. Yield: 4.53 g 

3 - 6) Preparation of i5S-(2-tetrahydropyrar,yloxy)-20-ethyi-PGF,a isopropyl ester (18): 

T.e obtained carboxyiic acid (17 ) (2.8 g) was esterilied with isopropyl /"f .^^i^^^^ ' ^' 
^ acetonitrile (50 ml) at 45 ' C for 5 hours to give the title compound isopropyl ester (18 ). Yield. .0 g 

3 . 7) Preparation of ,5M2.tetrahydropyranytoxy).20-ethyl-UR-(t-butyldimethylsilyloxy)-PQFz- isopropyl 
aster (19 ): 

" The dio. ,18) (0.37 g, obtained m the process (3 - 6) ^^^'-<^/'^;^ ^^^^^^^ '' ''' 

and imidazole (0.0594 g) in OMF (3 ml) to give the title compound s.lyl ether (19 ). Yield. 0.26 g 

55 3-8) Preparation of ,5S-(2.te,iahydropyranyloxy)-20-ethy|.llR-(t-bur/ldimethylsllyloxy)-PQE,« isopropyl 

ester (20'): 

The silyl ether (19) (0.302 g) was oxidized usmg Jones reagent at -40 - -35 ' C in acetone (20 ml) to 
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give the title compound {20'). Yiefd; 0.27 g 

3 - 9) Preparation of 2O-0thyl-PGA2 isopropyl ester {22) and 20-elhyl-PGE2 iscpropyl ester (21 ): 

The compound (20') (0.27 g) obtained in the process of (3 - 8) was dissolved in acetic acid 70 % 
solution (23 ml), and kept at 65 'C for 15 hours. A crude product obtained by the concentration of the 
resultant under a reduced pressure was chromatographed to give the compound (22 ) (Yield: 0.080 g) and 
the compound (21^) (0.040 g). 

3-10) Preparation of 15-keto-20-elhyl-PGA2 isopropyl ester (23 ): 

The obtained compound (22') (0.025 g) was oxidized with Jones reagent at -40 - -35 ' C in acetone (5 
ts ml) to give the title compound (23'). Yield: 0.023 g 

The 'H NMR spectrum of the 15-keto-20-ethyl-PGA2 isopropyl ester (23 ) is as follow: 
'H NMR(CDCi2) S : 0.87(3H.t.J = 5.5Hz). 1.2;?(6H,d.J = 7Hz). 1.03 - 2.75(25H.m). 3.35(1H.m). 4.96- 
(lH.hept.J = 7HzK 5.37(2H,m). 6.l2ClH.dJ = 16Hz|, 6.23(1 Kdd.J =6Hz). 6.69(1 H.dd.J= 1 6H2.J = 7.5Hz), 7.46- 
(tH.dd,J=6H2.J = 2.5Hz) 

20 The 'H NMR spectra were recoroed on HITACHI R-90H (available from K K. Hitachi Seisakusho) using 
heavy chloroform as a solvent. 

Mass spectrography was measured by Mass spectrometer M-808 (available from K.K. Hitachi Seisaku- 
sho) with a direct inlet system at 70eV of ion -ed potential. 

25 

EXAMPLE 3(Evaluation of Intraocular Pressure and Hyperemia) 

For the purpose of tonometry, Japanese White male rabbits (2.0 - 3.0 Kg) were fixed in rabbit holders. 
After topical anesthetization with 0.4 % oxybuprocame hydrochloride, intraocular pressure was measured 
30 using a pheumatic applanation tonometer (manufactured by Japan Atcon). After the topical application of 50 
ui of the suspensions of the test drugs in a physiological saline to one eye, the intraocular pressure was 
measured and the intraocular pressure reduction (%) caused by each test drug was calculated. At the same 
time, the extent of conjunctival hyperemia was obsen/ed. The results are shown in Table 1 . 

35 



40 



45 



so 
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The extent of conjunctival hyperemia: 
-: none 

barely visible hyperemia 
+: slight hyperemia 
++: moderate hyperemia 
severe hyperemia 



Table 1 
Test Drug 



Dose 



Percentage of 





(ug/eye) 


Change of 


1 


25 


27 


2 


25 


37 


3 


25 


10 


4 


25 


15 


5 


25 


20 


6 


25 


30 


7 


25 


10 


8 


25 




9 


25 




10 


100 


46 


11 . 


25 


■?1 


12 


10 


32 



Hyperemia 



++ 



+ ^- + * 



*: lid-Closing and severe hyperemia are observed, 
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Test Drug 

ZO-ethyl-PGFja isopropyl ester 
20-ethyl-PGE2 Isopropyl ester 
20-ethyl-PGA2 isopropyl ester 
15-keto-20-ethyl-PGF2a 

i5-keto-20-ethyl-pOF2Ci isopropyl ester 
15-keto-20*ethyl-PG£2 iaopropyl ester 
15-keto-20-ethyl-PGA2 isopropyl ester 
. • IS-keto-PGP^Q 

IS-keto-PGEj 
. PGPja 

PGF2a isopr-pyl **ster 
. PGE^ 
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35 
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aatms 

"T'^hHcolar .ypotensive cor^position o. me claim 1. in -hich the hydrocarton substituen. is a 
saturated or unsaturated C, - C. alky I group which may have a branch. 
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6. An ocular hypotensive connposition comprising an amount of i S-keto-prostaglandins having one or 
more hydrocarbon substituent(s) at the 20-position physiologically acceptable salts or ester thereof effective 
as an ocuiar hypotensive agent and a pharmaceutically acceptable carrier. 

7. The ocular hypotensive composition of the Claim 6, in which the esters are alkyi este-'S at the 
5 carboxyl group of terminal position of the a-chain. 

8. The ocular hypotensive composition of the Claim 7. in which the aikyt ester is an isopropyl ester. 

9. The ocular hhpotensive composition of the Claim 6, in which the salts are alkaline metal, ammonium 
or amine salts. 

to. The ocular hypotensive composition of the Claim 6. in which the hydrocarbon substituent is a 
70 saturated or unsaturated Ci - C* alky I group which may have a branch. 

11. The ocular hypotensive composition of the Claim 6. in which the iS-keto-prostaglanc' ns are 15-keto- 
prostaglandin As. 

:2. The ocular hypotensive composition of the Claim 6. in which the 15 keto-prostaglandins are 15 keto 
prostaglandin Es. 

/5 13. The ocular hypotensive composition of the Claim 6, in which the 1 5-keto-prostaglandins are f5-keto- 
prostaglandin Fs. 

14. A composition for treatment of glaucoma comprising prostaglandins or 15-keto-prostaglandins which 
have one or more hydrocarbon substituent(s) at the 20-pos(tion. physiologically acceptable salts or esters 
thereof in an amount effective to the treatment of the glaucoma and a pharmaceutically acceptable carrier. 
20 15. A method for treating glaucoma which comprises administering to a patient in need of such 
treatment a glaucoma treating effective amount of prostaglandins or 15-keto-prostaglandins which have one 
or more hydrocarbon substituent(s) at 20-position, phystoiogicaiiy acceptable salts or esters thereof. 

16. A method for treating ocular hyrertension in a human patient needing such treating which 
comprises administering to said patient an amount of prostaglandins or 15-keto-prostagtandins which have 

25 one or more hydrocarbon substituents st 20-position. physiologically acceptable salts or esters thereof. 

17. The method of the Claim 16, in which the esters are aikyi esters at the carboxyl group of terminal 
position of the a-chain. 

18. The method of the Claim 16, in which the afkyi ester is an isopropyf ester. 

19. The method of the Claim 16» in which the salts are alkaline metal, ammonium or amine salts. 

20. The method of the Claim 16. in which the hydrocarbon substituent is a saturated or unsaturated Ci - 
C4 alkyI group which may have a brarich. 

21. The method of the Claim 16, in which the i5-keto-prostaglandins are i5-keto-prostaglandin As. 

22. The method of the Claim 16, in which the 15-keto-prostaglandins are 1 5-keto-prostaglandln Es. 

23. The method of the Claim 16, in which the 15-keto-prostaglandins are 1 5-keto-prcstagtandin Fs. 

24. The method of the Claim 16 through 23, in which said administration is topically to the eye. 
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